Since 2001, we have set up a dense geodetic network with 52 campaign-mode GPS sites and seven continuously recording GPS stations as well as six leveling routes in the Taitung area, Taiwan. Our aim was to better characterize near-fault crustal deformation of active faults at the plate suture of the Philippine Sea plate and Eurasia in southeastern Taiwan. On 1 April 2006, a moderate shallow earthquake (M w 6.1, depth 10.8 km) occurred within this network. This earthquake resulted from rupturing of a geologically unknown or suspected fault (called the Y fault) located underneath the eastern margin of the Central Range. After removing the impacts of secular motions and postseismic slip, we estimated the coseismic displacements of the Peinan earthquake from the GPS and leveling measurements before and after the main shock. Three deformation types with distinct slip behaviors were revealed in three different regions: (1) near the epicenter-around 45 mm movement in the S-SSW direction with +20 to −20 mm vertical motion, in the northern part of the Y fault; (2) south of the epicenter across the southern part of the Y fault-approximately 35 mm in a westward movement with −60 mm subsidence (footwall side) and 40 mm in a SSW movement with at least 50 mm uplift (hanging-wall side), in the southern part of the Y fault; (3) northeast away from the epicenter-about 10 mm in a northward displacement with +15 to −10 mm vertical motions, in the Longitudinal Valley and on the western flank of the Coastal Range. This unique coseismic deformation pattern sheds new light on the characteristics of the suture zone between the Eurasian and Philippine Sea plates at the southernmost Longitudinal Valley. We used GPS and leveling measurements to invert for the fault geometry and the coseismic slip distribution. The optimal modeled fault is an 80
Introduction
The 150-km-long Longitudinal Valley represents the plate suture of the active collision between the Eurasian and Philippine Sea plates in eastern Taiwan ( Fig. 1(a) ). During the past decades, scientists have carried out a variety of quantitative and qualitative analyses to better understand the processes of the plate suture zone in this arc-continent collision (Hsu, 1962; Barrier et al., 1982; Ho, 1986; Yu and Liu, 1989; Yu et al., 1992; Lee and Angelier, 1993; Angelier et al., 1997; Lee et al., 1998; Hu et al., 2001; Yu and Kuo, 2001; Shyu et al., 2008) . Efforts from previous studies indicated a rapid shortening of about 30 mm/year in the middle and southern segments of the Longitudinal Valley Fault (LVF), which is the major fault of the plate suture in the valley (Yu et al., 1992; Yu and Kuo, 2001; Lee et al., 2003) . However, a more complex architecture of the fault system and tectonic context with at least two branches (i.e., the Luyeh fault to the west and the Lichi fault to the east) and a few secondary strike-slip faults have been reported in the southern end of the LVF ( Fig. 1(b) ) (Yu et al., 1992; Lee et al., 1998; Hu et al., 2001; Yu and Kuo, 2001) . A possible major west-dipping back-thrust was also suspected to be developing at the eastern edge of the Central Range of the Eurasian plate to the west of the valley (Biq, 1965; Shyu et al., 2007) , complicating the LVF fault system at the plate suture.
In an attempt to better characterize crustal deformation, fault structures, and fault behaviors of the southernmost Longitudinal Valley, since 2001 we have been conducting a multi-year project of repeated geodetic measurements, including GPS as well as the precise leveling surveys. We have also been integrating data of continuously recording GPS stations from a continuous GPS network in Taiwan (CORS), installed by the Institute of Earth Sciences, Academia Sinica (IES) and Central Weather Bureau (CWB), together with data from 52 campaign-mode sites (CMS) that were installed by IES in 2001 ( Fig. 1(c) ). In addition, six leveling routes E-W across the valley and N-S along the valley were also deployed and have been surveyed annually since 2001. These geodetic networks provide a rather good spatial coverage for studying the fault activity of the southern Longitudinal Valley in great detail. The M w 6.1 Peinan earthquake struck the Taitung County in southeast Taiwan on 1 April 2006 ( Fig. 1(b) ). This moderate earthquake, which occurred within this geodetic network, provides an opportunity to carry out a more detailed characterization of the seismogenic structures in the southern Longitudinal Valley.
The aim of the study reported here was to illustrate detailed surface deformation associated with the Peinan earthquake using GPS observations and leveling measurements (Fig. 1) . The observed horizontal and vertical coseismic displacements were used to determine the causative fault (s) and to analyze the fault motion during the earthquake. We used an elastic dislocation model to invert the coseismic fault geometry and slip distribution. Based on our results, we propose a kinematic model of faulting for the 2006 Peinan earthquake.
The 2006 Peinan Earthquake
The 2006 M w 6.1 Peinan earthquake (M L 6.4) occurred at the southern end of the Longitudinal Valley in eastern Taiwan ( Fig. 1(b) ) with a focal depth of about 10 km (Wu et al., 2006) . The main shock induced strong ground shaking in the surrounding villages and in the vicinity of Taitung City, the largest city in southeastern Taiwan (110,000 habitants). Numerous aftershocks occurred; these were centered mainly around the main shock along the eastern margin of the Central Range and underneath the Longitudinal Valley ( Fig. 1(b) ). In addition, the largest aftershock, with magnitudes of up to 5.7, was triggered 14 days after the main shock at a location 25 km east of the epicenter ( Fig. 1(b) ). This cluster of aftershocks was interpreted to result from reactivation of the main LVF system, which is different from the causative fault of the main shock, according to the locations and earthquake focal mechanisms of the aftershocks (Wu et al., 2006) .
The focal mechanism of the main shock indicates a strike-slip faulting ( Fig. 1(b) ). However, two immediate major aftershocks (M w = 4.5 and 4.6) of reverse faulting occurred 3 and 28 min after the main shocks. We examined the available 1-Hz GPS data from a continuous GPS (CGPS) station (PEIN; Fig. 2 ). The data showed that the station recorded a clear coseismic displacement of the main shock, especially in the E-W component (about 38 mm, with respect to the station in the stable continental margin). On the other hand, no significant surface displacement can be observed following two aftershocks. Note that this −38.3 mm of coseismic displacement is slightly different than the −34.1 mm obtained from the daily solution (Fig. 3) , a subject that will be discussed in more detail in the next section. Hence, we interpret that the coseismic displacements estimated from the daily solutions of continuous GPS stations to be mainly attributed to the main shock. In addition, we observed significant postseismic surface deformation at some of CGPS stations in a time span of few weeks to few months, which we will discuss in the later section.
The Peinan earthquake was interpreted to result from a rupture of a NNE-trending fault, which is located underneath the eastern margin of the Central Range, according to the focal mechanism of the main shock and the distribution of aftershocks (Wu et al., 2006) . This is a geologically poorly known fault, although several scientists have suspected its existence based on various measurements (Biq, 1965; Lu and Malavieille, 1994; Shyu et al., 2007) . As a result, we name this coseismic rupture as the Y fault. The Peinan earthquake indeed provides an opportunity to better examine the nature of the Y fault.
GPS Data Acquisition and Processing
In order to estimate the surface coseismic displacement associated with the 2006 Peinan earthquake, we included not only the CGPS data from the CORS network but also the Fig. 3 . The time series of daily solutions from the six CGPS sites in the study area. Four different slip behaviors, including co-and postseismic displacements, can be observed among the six CGPS stations. Stations S105 (a) and LONT (b) represent the displacement behavior close to the epicenter; stations TTUN (c) and PEIN (d) represent that along the southern portion of the Y fault; station ERPN (e) represents that at some distance from the epicenter to the north and northeast; station S104 (f) represents that at some distance away from the epicenter to the southeast and also affected by a major aftershock that triggered the slippage on the LVF. See details about the co-and postseismic slip behaviors in each different region in the text. campaign-mode GPS sites (CMS) that had been surveyed repeatedly since 2001.
Continuously recording GPS stations
The standard data processing procedures for CGPS stations in CORS consist of two parts : (1) single epoch solutions and (2) daily solutions. The data logging of CGPS use a dual sampling rate system of 30 s and 1 s. As an earthquake occurs, both the single-epoch solution estimated by 1-Hz (1 s) data (Fig. 2) and the daily solution from 30-s data (Fig. 3) are processed following the standard procedures of the Bernese V4.2 software (Hugentobler et al., 2001) .
Measurements from seven CGPS stations near the epicentral area of the Peinan earthquake ( Fig. 1) were used for determining and characterizing the surface displacements associated with the Peinan earthquake. We applied a linear regression algorithm to estimate the interseismic velocity and an exponential decay algorithm to fit the postseismic displacements from daily solutions (Bock et al., 2000; Yu et al., 2003) . The surface motions recorded by CGPS stations showed three main different behaviors of co-and postseismic movements around the epicentral area. First, two stations close to the epicenter (stations S105 and LONT; Fig. 3 (a) and (b)) revealed a S-SSW coseismic displacement with a month-long exponential decay of a southward postseismic displacement. Second, two stations to the south of the epicenter and in the footwall of the Y fault in the Longitudinal Valley (stations TTUN and PEIN; Fig. 3 (c) and 3(d)) indicated a westward (WNW-WSW) and downward coseismic displacement and a southward and upward postseismic displacement. Third, the station located away from the epicenter to the NE (station EPRN; Fig. 3(e) ) showed a northward coseismic displacement with a westward and upward postseismic displacement. We also found that station S104 located farther to the SE in the southernmost Coastal Range exhibited a similar behavior of coseismic movement to stations TTUN and PEIN but an opposite NW postseismic displacement that was clearly also affected by a major aftershock sequence (M L = 5.7) 14 days following the main shock in the offshore area ( Fig. 3(f) ). As mentioned above, this aftershock sequence appears to result from the rupture of the LVF. As a result, we interpret the data as indicating that the Peinan earthquake of the Y fault triggered the slippage along the LVF, especially the Lichi fault (the eastern branch of the LVF), so that the hanging-wall of the Lichi fault (e.g., station S104) would move differently from the footwall of the fault (i.e., stations PEIN and TTUN) during the post-seismic period (compare Fig. 3 (c) and 3(d) with 3(f)). Based on the data for the above-surface motion as related to the earthquake together with the aforementioned major geological structures, we divide the study area into four terrains, each revealing its distinct surface deformation behavior: (a) epicenter area; (b) south of the epicenter area; (c) NE away from the epicenter area; (d) SE away from the epicenter area on the hanging-wall side of the Lichi fault. We will come back to discuss this in more detail in the next section using the results of the campaign GPS measurements.
The list of coseismic displacements recorded by the selected seven CGPS sites around the epicenter area associ- ously with dual-frequency GPS receivers and observation were made for 7-13 h. The sampling rate was 15 s, and the elevation cutoff angle was 10
• . The raw data are transferred to the RINEX (Receiver INdependent EXchange) format for post-processing. Before each campaign, adjustments of leveling and centering biases of the tribranches were conducted to minimize the instrumental errors. We also avoided or eliminated the environmental obstructions, such as trees or grass, to reduce the influences of multipath effects. During the post-processing of data, the daily solutions of nearby CGPS were incorporated into the determination of session solutions (Hugentobler et al., 2001) . The Penghu station, S01R, located at the stable Chinese continental margin in the Taiwan Strait, was adopted as the reference station to define the "minimum constrained conditions" to its value in the International Terrestrial Reference Frame 2000 (ITRF00).
Observing the results of Campaigns 1-6, which were carried out annually between 2001 and 2005 (i.e., before the 2006 Peinan earthquake), we found that the nearby 2003 M w = 6.5 Chengkung earthquake only slightly affected the secular velocity in the study area, as illustrated by the very minor decrease in secular velocity for stations S045 and 0206 following the 2003 earthquake (Fig. 4) . As a result, we intended adopting the three campaign measurements from March 2004 to September 2005 (Campaigns 4-6) to represent the secular preseismic motions for each CMS station in the study area. Campaigns 7 and 8, which were conducted within 2 months following the Peinan earthquake, were used to estimate coseismic surface displacements of the Peinan earthquake (Fig. 4) . Due to the presence of some unnegligible postseismic deformation around the epicenter area-based on the aforementioned CGPS data-we were aware that the direct difference of station coordinates from session solutions before and after the earthquake can not be totally attributed to the coseismic displacement. It is thus necessary to correct secular motions due to the rapid interseismic movements and, more importantly, to remove the postseismic deformation in order to obtain the coseismic displacement. In this study, we applied two major procedures to obtain the CMS coseismic displacements. In the first step, the preseismic secular motions of 2004-2005 are corrected using the linear regression of velocities obtained in Campaigns 4-6 (Fig. 4) . Secondly, we applied the postseismic displacement correction using the nearby CGPS data into Campaigns 7 and 8. Because of different postseismic behaviors being observed at CGPS stations, each CMS was categorized into the four geological regions discussed above. Figure 5 shows estimates of the co-and post-seismic displacements of CMS in four different regions by including the preseismic linear secular motion and the postseismic exponential decay. After correcting postseismic displacements for all 52 CMS using CGPS data (Fig. 5, Table 3 ), we found that misfits are relatively small for most of the CMS. As a result, we consider that our correction for postseismic displacements is, to some extent, reliable.
The results of the coseismic displacements for the CMS are listed in Table 4 . The average precisions of the horizontal and the vertical components are about 5.4 mm and 16.6 mm, respectively.
Vertical Coseismic Displacements from Leveling Surveys
Six leveling routes have been deployed in the southern Longitudinal Valley area ( Fig. 1) , including five routes in the E-W direction (sub-perpendicular to the major structure features) and one route in the N-S direction (sub-parallel to the major structures). We used the elevation difference between the two leveling surveys, which were conducted 4-6 months before and 1-2 months after the main shock, to examine the vertical motion associated with the 2006 Peinan earthquake (Table 5) .
In this study, we incorporated the leveling measurements with results of the coseismic vertical components obtained from CGPS data, including stations S104, TTUN, LONT, S105, and ERPN, along the leveling routes, with the exception of Route 5 away from the epicentral area. The comparison shows a good agreement of coseismic movement between leveling and GPS vertical measurements for a difference of less than 10 mm, except for station ERPN, where T041   T041   T042   T042   T043   T043   T044   T044   T045   T045   T046   T046   T031   T031   T032   T032   T033   T033   TA10   TA10 significant postseismic vertical motion occurred. As a consequence, we adopted the vertical coseismic displacements at the continuous GPS station S104 as a reference, thereby obtaining the coseismic vertical movements for each benchmark along the leveling routes.
Taitung-Peinan area: the southern part
We found that vertical movements on the benchmarks close to the epicenter were absent, which is in contrast to the large signals found along the southern part of the Y fault. South of the epicentral area, leveling Route 1, which is 25 km long and extends across the southernmost part of the Longitudinal Valley, has previously been observed several times from 1984 to 1988 (Yu et al., 1992) . The results of these authors showed that there was only a small amount of relative vertical motion, 5-6 mm/year, across the southern end of the Longitudinal Valley, from the foot of the Central Range to the west side of the Coastal Range. Consistent with these results, recent vertical displacements of CGPS stations in this area between 1993 and 2006 (i.e., TTUN and S104) also showed no obvious vertical movement before the 2006 earthquake.
The coseismic elevation change of leveling Route 1 shows a significant vertical movement associated with the Peinan earthquake, especially from the eastern margin of the Central Range to the western half of the valley (Fig. 6(a) ). In more detail, we can observe several features, from west to east: (1) there is at least a 50-mm westward uplift in the eastern margin of the Central Range (from station 9189 to 9190); (2) there is more than 50-mm movement, in a sharp east downward direction, from the foot of the Central Range (station 9190) to the middle of the valley (S274); (3) a 50-mm gradual uplift occurred from the middle of the Valley (S274) to the eastern side of the Coastal Range (8015). In summary, the coseismic vertical movement shows an asymmetric pattern: a steeply downward movement of more than 100 mm in the western part of the valley and a smoothly upward movement of 50 mm in the eastern part. Note that the above-mentioned elevation change occurred between 4 months prior to and 2 months after the earthquake; thus, the postseismic displacements and/or triggered motion on other faults, such as the Lichi fault, would be included in the result.
Leveling Route 2, a few kilometers north of Route 1 with a much shorter distance of 5 km, extends eastward from the foot of the Central Range to the middle of the valley. We compared the measurements 5 months prior to and 1 month after the earthquake to obtain the coseismic movements. An analysis of leveling Route 2 (Fig. 6(b) ) shows a similar pattern of motions as those found for leveling Route 1-that is, an upward movement of about 60 mm in the hanging wall of the Y fault and a downward movement of about 40 mm in the footwall. The total cumulative elevation change of 100 mm occurred across the Y fault on the western side of the valley. 
Luyeh area: the epicentral area
Near the epicenter, two sub-parallel leveling routes (Routes 3 and 4, each 11-12 km long) in the Luyeh area run mainly across the Longitudinal Valley (Fig. 1) . The CGPS observed that the coseismic elevation change between ERPN and S105 is almost negligible, which is about 25-30 mm less than the leveling results along Route 4. In fact, the continuous GPS recording of ERPN indeed re-vealed a significant postseismic vertical motion (Fig. 3(e) ), implying that non-negligible postseismic deformation occurred along leveling Route 4 and, most likely, Route 3 as well. We tend to interpret this postseismic deformation as being mainly due to triggered slippage on the LVF, including the two branches of the Luyeh fault and the Lichi fault.
In Fig. 7 , the vertical displacements of the leveling routes in the Luyeh area can be seen to exhibit obvious surface motion, which may be associated not only with the coseismic faulting of the Peinan earthquake but also with triggered slips on the nearby LVF. For example, leveling Routes 3 and 4 across two major branches of the LVF, the Luyeh fault and the Lichi fault, both show about 10 mm of uplift across each fault. Note that the M L 5.6 aftershock sequence did occur on the LVF 2 weeks following the main shock. Nevertheless, interseismic creep of the Luyeh fault and the Lichi fault, which was estimated to be about 10 mm/year and 20 mm/year (Chen et al., 2004) , respectively, may also have contributed to the vertical uplift of the leveling measured in a time span of 5-7 months. As for the Y fault, which was the causative fault of the Peinan earthquake, leveling Route 3 did not indicate a significant vertical motion ( Fig. 7(a) ) across the eastern margin of the Central Range (i.e., presumably the surface projection of the Y fault), indicating a limited minor coseismic down-dip slip in addition to a dominant left-lateral motion on the Y fault.
Baowa area: north of the epicentral area
Leveling Route 5, which is located farther north of the epicentral area, runs in the E-W direction across the southern end of the Chihshang fault (belonging to the LVF) near the foot of the hills of the Coastal Range. We compared two measurements in a time span of 14 months, 12 months before and 2 months after the main shock, to discuss the vertical movements associated with the 2006 Peinan earthquake. As there is no CGPS station along this leveling route, we used the nearby CMS station as the reference to reconstruct the elevation changes of Route 5 (Fig. 8(a) ).
We were able to observe a significant uplift of about 25 mm across the Chihshang fault near the Baowa bridge that is generally consistent with the interseismic secular movement of the fault (Yu and Liu, 1989; Angelier et al., 1997; Lee et al., 2003) . We tend to interpret the event as indicating that vertical motion was not significantly affected, if at all, by the 2006 Peinan earthquake in the Baowa area.
N-S cross section
The 25-km-long N-S trending leveling Route 6 follows the western margin of the Peinanshan massif, PlioPleistocene fluvial deposits in the middle of the valley. In terms of the Peinan earthquake, leveling Route 6 seemingly runs parallel along or near the surface projection of both the Y fault and the Luyeh fault. The result of coseismic elevation change (Fig. 8(b) ) shows that there is an abrupt downward motion in the southern end of the leveling route, where the route turns SE away from the Y fault. A downward movement of about 40 mm was observed in a short distance of 5 km, which is consistent with the data obtained on the nearby Route 2. In contrast, only a slight vertical motion within 10 mm was observed across the northern part of the Peinanshan massif, which we interpret to be triggered slippage on the Luyeh fault.
Results of Coseismic Displacements from GPS and Leveling Measurements
By combining the results from continuous and campaign GPS stations as well as leveling measurements, we were able to construct a map of the coseismic horizontal and vertical displacements in the epicentral area near the southern Longitudinal Valley (Fig. 9; Tables 1, 3 and 4) .
As revealed by Fig. 9(a) , the surface coseismic horizontal displacements can be divided into three distinct patterns in three areas. Note that the map has been divided into four areas taking both co-and postseismic displacements patterns into account, as mentioned in Section 3.2. Namely, the area extending south of the epicenter and that far to the SE showed similar coseismic displacements although they illustrated distinct postseismic behaviors. Firstly, close to the epicentral area (middle part of the map shown in Fig. 9(a) ), the horizontal displacements show a S-SSW movement of 10-45 mm. The vectors are located in the Central Range (i.e., on the hanging wall of the Y fault) and show a larger amount of displacement relative to those in the valley (the footwall of the fault), indicating a left-lateral strike slip along the Y fault, which is consistent with the focal mechanism of the main shock. Secondly, the region south of the epicenter shows a westward motion of 30-40 mm in the footwall of the Y fault and a SSW movement of 40-45 mm in the hanging wall. This implies a significant horizontal shortening in addition to the left-lateral slip across the causative Y fault of the earthquake in its southern portion. Taking the coseismic horizontal displacements in the above two regions into account, it would appear that the Y fault exhibits two distinct coseismic slip-rupturing between the northern and southern portions. This also raises the possibility that an E-W-or WNW-ESE-trending right-lateral faulting, located across the middle-north of the Peinanshan massif ( Fig. 9(a) ) occurred during the main shock. The surface projection of this potential E-W fault would separate the SSW vectors to the north and the WNW vectors to the south. Finally, in the region to the NE of the epicenter, the displacements are less than 15 mm in the direction between NW and NE. We interpret these small amounts of displacements as indicating a region that is located far from the effect of the causative Y faulting and/or the possible E-Wtrending fault.
The coseismic vertical displacements ( Fig. 9(b) ), which represent the combined GPS and leveling measurements, show that there were no significant coseismic vertical movements except for those around the southern part of the Y fault, where the maximum uplift and subsidence are about 60 mm and −60 mm, respectively. The vertical movements in the northern and southern parts of the Y fault indeed shows a different slip behavior of faulting, indicating a dominant strike-slip motion in the north and a substantial thrust slip in the south.
In summary, taking into consideration the data on the coseismic horizontal and vertical displacements and the seismological information, including the focal mechanism of the main shock and the distribution of the aftershocks, we suggest that the 2006 M w 6.1 Peinan earthquake likely ruptured the NNE-trending Y fault along a length of 20-25 km underneath the eastern margin of the Central Range. This previously suspected fault corresponds to a cluster of aftershocks that formed a NNE-trending plane with a steep dip to the west (Wu et al., 2006) . However, the GPS and leveling coseismic displacements indicate substantial heterogeneity of slip along the Y fault: a small amount of left-lateral motion in the north near the epicenter in contrast to a large amount of oblique reverse faulting with a significant left-lateral slip (Fig. 9) . It is worthy noting that there was an apparent discrepancy in surface deformation between the north and south, suggesting that possibility that other coseismic ruptures of right-lateral slip occurred along the northern middle Peinanshan massif. In terms of the distribution of the aftershocks, there were indeed numerous aftershocks which occurred at the westernmost tip of this E-W discontinuity. However, no clear E-W-trending plane structure can be delineated from the aftershock distribution, suggesting that there may have been a series of E-W rightlateral faults over a broad zone. However, further investigations are needed to clarify this possible E-W-trending fault zone. A study of focal mechanisms of this cluster of aftershocks would be a great help; however, such a study is beyond the scope of this study.
Fault Geometry and Coseismic Slip Distribution

Model description
The focal mechanism of the main shock of the 2006 Peinan earthquake showed strike-slip faulting. Wu et al. (2006) proposed a high-angle, N-S-trending fault (CNF in their study) dip to the west (i.e., the Y fault in the present paper), and their model of fault geometry is generally consistent with surface displacements determined from sparsely distributed strong motion data. Based on much dense GPS data coverage and several leveling route measurements, we observed that the coseismic surface deformation is more complex. The coseismic horizontal displacement of about 10-20 mm to the north of the Peinanshan massif, around the epicenter area, are S-SSW directed; while coseismic displacements to the south increase in magnitude to about 20-40 mm, starting to move in the WNW direction on the footwall side of the Y fault (Fig. 9) . The vertical displacements show a similar pattern, with a larger uplift and subsidence of about +60 mm to −60 mm, respectively, south of the epicenter than north (+15 mm to −10 mm). In addition, the relocated seismicity (Fig. 1) shows that a large number of aftershocks occurred around the northern Peinsnshan massif. The dramatic change in coseismic movements and the aftershock distribution suggest that the behaviors of the fault slip vary significantly from north to south.
We used all of the observed geodetic displacements, including CGPS and CMS data and the leveling measurements in an inversion to obtain the coseismic slip distribution associated with the 2006 Peinan earthquake. The modeled fault corresponds to the Y fault, which approximately follows the distribution of the aftershocks and the main shock. We assumed a fault dip of 80
• to be consistent with the aftershock distribution and search for the rest of fault parameters, such as depth and width. We then inverted the fault parameters and coseismic slip distribution using a weighted least-square algorithm (Menke, 1984) :
where s is the coseismic slip, β serves as the weighting of the model roughness versus data misfit that is determined by cross-validation (Matthews and Segall, 1993) , m is the fault geometry parameters, W is the weighting matrix and equivalent to the inverse square root of the data covariance matrix, G(m) is Green's functions for the elastic half-space model (Okada, 1985) , d is the observed GPS displacements, and ∇ 2 is the Laplacian smoothing operator. To better account for the weights of GPS and leveling data, we first conducted two independent inversions using each data set separately. The weight in the joint inversion for each data set is then scaled by the reduced chi-square value from the initial independent models. The rescaling factor between (a) (b) the GPS data and the leveling measurements is 3 for the vertical movements.
As most CGPS sites locate on the footwall of the Y fault and show different characteristics of postseismic relaxation, the postseismic corrections of CMS displacements derived from CGPS sites may not be strictly justified, although their effects would be limited, as discussed in the previous section. Consequently, we decided to invert for two scenarios of coseismic slip distributions by (1) using only CGPS data and (2) using the whole data set (CGPS, CMS, and leveling) . This event shows a strike-slip-dominated motion in the focal mechanism of the main shock. On the other hand, there was no evidence of clear surface rupture during the main shock, and no surface geological fault was recognized prior to the earthquake, suggesting that the coseismic rupture does not reach the surface and the fault is likely to be buried. Therefore, we searched the depth of the fault top from 0 to 5 km and the width from 10 to 25 km.
Modeling results from only CGPS data
We used all 19 available CGPS stations within a distance of 50 km from the epicenter (Fig. 10) for the first model. The optimal fault geometry, which was determined by grid search, shows a fault dip of 80
• to the west at a depth range of 0.5-20 km. The surface projection of the modeled fault and fits of model predictions to CGPS displacements are shown in Fig. 10 . The coseismic slip distribution showed a maximum slip of 0.3 m at depths of 12-16 km to the south of the hypocentral region (Fig. 10) . The left-lateral motion dominates north of Peinsnshan massif, while up-dip motions are prominent to the south. 6.3 Modeling result from all GPS data and leveling measurements For the second model, we used the identical fault geometry as determined by the inversion with only the CGPS sites described in the previous section. The fit of the model predictions to GPS and leveling measurements are shown in Fig. 11 . The average misfits in horizontal and vertical displacements are 1.1 cm and 0.9 cm, respectively. The size of the misfit is rather reasonable given the surface displacements of 0.5 cm to a few centimeters around the epicenter area for a magnitude 6 earthquake. The data misfit on the northern section of the rupture is less satisfactory compared to that in the south. However, the residuals of horizontal and vertical displacements are mostly within the regions of 95% error ellipses. Along the optimal fault plane, the highest slip of about 0.33 m occurred at depths of 9-16 km on the southern portion of the fault (Fig. 12) . The fault slip on the northern portion is mainly left-lateral, while it is primarily up-dip on the south portion (Fig. 12) , which is consistent with the inversion using only CGPS data. The total geodetic moment in our modeled fault is 2.3 × 10 18 Nt-m, which is equivalent to a M w 6.2 event and slightly larger than the seismic moment estimates of the BATS and Harvard CMT solutions (M w 6.1). Most aftershocks occurred on the northern portion of the rupture, suggesting that the coseismic slip possibly did not fully release the accumulated strain in this area during the main shock, thereby explaining the relatively small coseismic slip inferred in our model compared to that in the southern portion.
The coseismic fault geometry obtained in our study is similar to the result reported by Wu et al. (2006) where they chose the fault geometry of strike 18
• and dip 77
• W from the distribution of aftershocks. Because of the lack of strong motion stations near and to the north of the epicenter, Wu et al. (2006) were not able to observe the transition in the coseismic displacement pattern that we found in our study. The northern section exhibited predominantly left-lateral slip, while the southern segment exhibited a larger amount of oblique slip with a significant thrust component. Based on 59 GPS three-component displacement vectors (three times data in Wu et al., 2006) as well as 81 leveling vertical measurements, the transition zone of slip behaviors in our study was located further south, at 22
• 50 N, in comparison to that found by Wu et al. (2006) .
The drastic change in slip behaviors on the Y fault leads to the aforementioned possibility of a coseismic E-W-trending right-lateral faulting. This fault would cut across the Y fault at the transition zone a little south of the hypocenter, which is also consistent with the focal mechanism of the main shock. The cluster of aftershocks that occurred around this possible fault also strengthens the speculation. If so, the E-W fault would mark the boundary of distinct coseismic displacements in the footwall of the Y fault between the north and south and also the discrepancy of slip distributions between the north and south portions. The E-W-trending strike-slip fault in the north-middle of Peinanshan massif has been argued in a geological context from a few pieces of evidence based on geomorphic signatures and field observations (Barrier and Angelier, 1986; Lee et al., 1998) . However, the dynamic coseismic rupturing on the E-W-trending fault needs further investigation, in particular, to be the subject of a detailed seismological study. It is also worthy to note that in our study, the dip-slip component is larger than left-lateral strike-slip component on the southern section, which is opposite to results reported by Wu et al. (2006) . 
Conclusions
Based on data from a dense geodetic network, including seven continuous GPS stations, 52 campaign-mode GPS sites, and six leveling routes, we estimated both the horizontal and vertical surface coseismic displacements associated with the 2006 M w 6.1 Peinan earthquake. By integrating geodetic measurements with seismological information, we conclude that the Peinan earthquake resulted from a rupturing of a geologically suspected fault under the eastern margin of the Central Range. We also named this fault as the Y fault. We used an elastic half-space dislocation model and all available data in an inversion to determine the fault geometry and the coseismic slip distribution. The optimal modeled fault is a 25-km-long, 80
• west-dipping plane at a depth between 0.5 and 20 km, indicating a buried fault. Our results show different slip behaviors between the epicenter area and the area to the south, as revealed by the coseismic surface deformation and the slip distribution on the causative Y fault. The inferred slip distribution on the Y fault showed a maximum coseismic slip of 0.33 m at a depth of 9-16 km, which is about 10 km south of the hypocenter. Fault slip is mainly left-lateral strike-slip on the northern portion near the hypocenter; however, it turns sharply into oblique left-lateral reverse slip on the southern portion. The total geodetic moment is 2.3 × 10 18 Nt-m, which is equivalent to a M w 6.2 event.
